The aim of this review was to evaluate the literature that has investigated the impact of visual impairment on nutritional status. We identified relevant articles through a multi-staged systematic approach. Fourteen articles were identified as meeting the inclusion criteria. The sample size of the studies ranged from 9 to 761 participants. It was found that visual impairment significantly affects nutritional status. The studies reported that visually impaired people have an abnormal body mass index (BMI); a higher prevalence of obesity and malnutrition was reported. Visually impaired people find it difficult to shop for, eat, and prepare meals. Most studies had a small sample size, and some studies did not include a study control group for comparison. The limitations of these studies suggest that the findings are not conclusive enough to hold true for only those who are visually impaired. Further studies with a larger sample size are required with the aim of developing interventions.
Introduction
Nutritional status is defined as the 'intake of a diet sufficient to meet or exceed the needs of the individual, that will keep the composition and function of the otherwise healthy individuals within normal range' (Jeejeebhoy, Detsky, & Baker, 1990) . Poor nutritional status has been reported to be caused by three main factors: decreased intake of nutrients, altered utilisation, and increased requirements (Jeejeebhoy et al., 1990) . Nutritional status is considered as an important determinant of successful ageing (Dahany et al., 2014) , and perception of quality of life has been reported to be affected by poor nutritional status (Johansson, Bachrach-Lindstrom, Carstensen, & Ek, 2009) . Recent reports carried out in the United Kingdom suggest that the needs of visually impaired people to maintain good nutritional status are not being met. A report, My Voice, stated that 61% of the visually impaired, always or frequently, needed support to prepare meals (Slade, 2015) . A UK organisation, DisabledGo, working on behalf of the government and local authorities, reported that only 23% of restaurants produce menus in large print for those with visual impairment (DisabledGo, 2014) . They further stated that not accommodating those with disabilities is costing the economy 249 billion pounds (DisabledGo, 2014) . We previously reported that older adults with age-related macular degeneration (ARMD) consume fewer calories than is recommended for their age (Stevens, Bartlett, & Cooke, 2015) . In addition, they are unclear about what foods or supplements they should consume (Stevens et al., 2015) . Due to the ageing population, the number of people living with visual impairment in the United Kingdom is rising. Around 79% of people living with sight loss are over the age of 64 (Government Office for Science, 2016) . One in every three people aged 85 and over is living with sight loss (RNIB, 2016) . Many studies have reported the importance of the role of vision and visual cues when eating (Barkeling, Linne, Melin, & Rooth, 2003; Burger, Cornier, Ingebrigtsen, & Johnson, 2011; Linne, Barkeling, Rossner, & Rooth, 2002; Renner, Sproesser, Stok, & Schupp, 2016; Scheibehenne, Todd, & Wansink, 2010; Wadhera & Capaldi-Phillips, 2014; Wansink, Painter, & North, 2005 ); yet the literature relating to the impact of sight loss on nutritional status is limited. To date, the impact of severe sight impairment on nutritional status has not been researched in the United Kingdom. A search for previous literature reviews, concerning the impact of visual impairment on nutritional status, using the search terms 'nutrition' and 'visual impairment' found reviews relating to how poor nutrition can contribute to ocular disease (Wu et al., 2014) ; however, no review has been performed to date, looking at the impact of visual impairment on nutritional status. This review aims to evaluate and compare the findings of the literature that has investigated the impact of visual impairment on nutritional status.
Methods

Search strategy
We identified the relevant articles that evaluated visual loss and nutritional status published in journals through a multi-staged, systematic approach. In the first stage, a computerised search of Web of Science, Science Direct, Wilson, and PubMed database was performed to identify all relevant articles. Terms and words used for the search included 'visual impairment', 'visual loss', 'sight loss', 'blindness', and 'sight impaired'; these were then separately used in combination with search terms 'nutrition', 'shopping', 'eating patterns', 'activities of daily living', 'Mini Nutritional assessment (MNA)', 'food experiences', and 'nutritional screening tools'. Google scholar was also searched using the same search guidelines, and bibliographies of the retrieved articles were manually searched. Only studies conducted on human subjects were included.
In the second stage, all abstracts were examined to identify articles that 1. Researched how visual impairment affects experiences of restaurant use, meal preparation, and shopping. 2. Included information relating to how visual impairments affect activities of daily living (ADLs) or feeding and eating development in the young. 3. Commented on the effects of visual impairment on body mass index (BMI) or on studies that carried out nutritional screening or analysed the nutritional intake of visually impaired people.
In the third stage, full-text articles were reviewed according to the inclusion and exclusion criteria shown below, and relevant articles were incorporated into the manuscript. 
Criteria for inclusion and exclusion
Studies were included if they commented on factors affecting nutritional status, such as undernutrition, obesity, diet, and BMI. They were also included if they researched eating patterns/behaviours/experiences or commented on food-related obstacles for the visually impaired, such as shopping, eating, and preparing meals and restaurant use. Letters to editors and conference presentations were excluded. Articles commenting on how nutritional status contributes to ocular diseases, such as the need for supplements for ARMD or other diseases that can cause visual impairment, were excluded. Articles that looked at how poor nutritional status can exacerbate ocular disease, such as the effects of BMI on cataract progression and type, were excluded. Fourteen articles were included in this review (see Figure 1 ).
Data extraction
We grouped the studies into two categories: those that were qualitative and those that were quantitative. We ordered the articles according to the year they were published (ascending order). The results were tabulated according to author, date, country; age; sample size (gender) (including number of visually impaired and sighted in each study); type of visual impairment; methods used; key findings; and implications for future research (see Table 1 ).
Evaluation of studies
We used the 16-item Quality Assessment Tool for Studies With Divers Design (QATSDD), designed for systematic reviews. The QATSDD complies with the preferred reporting criteria for systematic reviews set out by Liberati, Tetzlaff, Altman, and PRISMA Group ((Liberati et al., 2009 ); Augestad & Jiang, 2015) . It has been reported to have good validity and reliability. (Sirriyeh, Lawton, Gardner, & Armitage, 2012) . It can be applied to both qualitative (14 items) and quantitative studies (14 items). Each item can be given a maximum score of 3 with a total score of 42 (Sirriyeh et al., 2012) . The percentage score of each paper was calculated by dividing the total sum of each paper by 42. We used a previously employed method (Augestad & Jiang, 2015) to rate the quality of the paper as 'high quality ≥75%', 'good = 50%-75%', and poor <25%.
Results
Study characteristics
We identified 14 articles for inclusion in this review. Six articles were qualitative, and eight were quantitative (see Table 1 ). The studies were carried out across 11 countries. Most of the studies were cross-sectional in design. It was found that most studies did not use a sample size that was representative of the population. Only six studies included more than 100 participants (de Faria, da Silva, & Ferreira, 2012; Gopinath, Liew, et al., 2014; Burlutsky, & Mitchell, 2014; Kostyra, Zakowska-Biemans, Sniegocka, & Piotrowska, 2017; Magdalena, Urzedowicz, Motylewski, Zeman, & Pawlicki, 2016; Montero, 2005; Muurinen et al., 2014) , the rest included less than 60. The studies were carried out with participants with an age range of 3 months to >90 years. The demographic range in some of the studies was also narrow; some studies (Bilyk, Sontrop, Chapman, Barr, & Mamer, 2009 ) had a higher level of female participation (Baker, 2006; Muurinen et al., 2014; Nakamura et al., 1999) . Some were restricted to a particular setting or geographical area, that is, one school (Acil & Ayaz, 2015) ; therefore, the results cannot be generalised to the population. The classification of visual impairment was not consistent across the studies, some used gross methods (Muurinen et al., 2014) to classify participants as visually impaired, and others carried out sight tests or used standardised classification (Nakamura et al., 1999) . There was a great variation in the cause of visual impairments; some reasons given were ocular trauma, optic nerve hypoplasia to condition unknown. Most studies did not use a control group as a comparison for the study, and therefore, it is difficult to conclude that their findings only hold true for visually impaired people. The children who were visually impaired were mainly obese or overweight, and they showed poor nutritional habits skipping meals (58.1%; mainly lunch).
(GOOD)
Findings convey that health of children in the visually impaired population should be monitored. Children who are visually impaired are at higher risk of health problems than those without. March 2017 (Gladstone et al., 2017 
The factors attributing to high levels of obesity such as diet and lack of exercise need to be investigated. 
Nutritional status
BMI. Visual impairment was reported to be significantly linked with abnormal BMI. Obesity in males (Magdalena et al., 2016; Roebothan, 1999) and school children was reported (Acil & Ayaz, 2015; Magdalena et al., 2016; Montero, 2005) . It was attributed to reduced physical activity in some studies (Magdalena et al., 2016) or excess food consumption in others (Roebothan, 1999) . One study reported that the finding of obesity in males was not significant (Magdalena et al., 2016) . Undernutrition and low body weight were reported in females (Muurinen et al., 2014; Roebothan, 1999) . It was identified in one study that females were not meeting the daily recommended intake of milk products, grains, and meats. Males were also reported to consume less than adequate amounts of milk products (Roebothan, 1999) . Another study reported females as overweight and obese, but it was found that even they did not consume as much fats, carbohydrates, and proteins as males (Montero, 2005) .In this study, males were mainly categorised as obese and females as overweight (Montero, 2005) . Some studies reported a higher prevalence of obesity in the visually impaired; however, they did not assign their findings to any gender (Acil & Ayaz, 2015; Bilyk et al., 2009 ). The findings of high rates of obesity in males and malnutrition in females were also reported in a conference abstract which did not meet the inclusion criteria to include in the main results table (Vági, Deé, Lelovics, & Lakatos, 2012) . One longitudinal study used BMI data as part of its study; however, it did not report the data in their final findings (Gopinath, Liew, et al., 2014) .
Eating and meal preparation. The ease of eating meals was self-reported by the participants to be unaffected by visual impairment in two studies (Gopinath, Liew et al., 2014; Nakamura et al., 1999) . A purely objective study however reported that when speed was measured using three-dimension motion analysis, those with visual loss, eat and drink more slowly, require cutlery closer to them, and make more corrections when eating and drinking (Pardhan, Latham, Tabrett, & Timmis, 2015) . This finding is of interest as it has been previously reported that when cutlery is closer to a person, they consume more food (Wadhera & Capaldi-Phillips, 2014) . Many studies did not research meal preparation in visually impaired people, those that did extracted similar themes (Bilyk et al., 2009; Kostyra et al., 2017) . They found that meal preparation was a great obstacle for visually impaired people, to the point where they reported it as an aversion (Bilyk et al., 2009) . They reported that boiling and cutting tasks were very difficult (Bilyk et al., 2009; Kostyra et al., 2017) . The study with a larger sample size was able to provide more information (Kostyra et al., 2017) . They reported that dinner preparation could take up to two hours, and 23% of respondents stated that it could take even longer than this. They also found that visually impaired people purchased ready-to-eat products such as cheese and meat products, but they rarely purchased frozen fruits and vegetables. They were also able to report tasks that visually impaired people did not find difficult, such as sandwich preparation and washing foods.
Restaurants. Restaurant use was reported to be a great obstacle across the studies evaluated (Bilyk et al., 2009; de Faria et al., 2012; Kostyra et al., 2017) . Those with larger sample sizes provided a detailed analysis with regard to shopping and restaurant use and were able to extract more themes (de Faria et al., 2012; Kostyra et al., 2017) than those that did not (Bilyk et al., 2009) . The studies all reported that visually impaired people felt more comfortable eating in restaurants where staff were helpful, empathic, and did not treat them as a burden (Bilyk et al., 2009; de Faria et al., 2012; Kostyra et al., 2017) . In one study, over a quarter of visually impaired people stated that they frequently visited snack bars (Kostyra et al., 2017) . They reported that availability of braille, large print menus, or audio would also be of great help (Bilyk et al., 2009; de Faria et al., 2012; Kostyra et al., 2017) . Additionally, the possibility of being assisted by their guide dog in restaurants would be helpful (Bilyk et al., 2009; Kostyra et al., 2017) . Another finding was that visually impaired people prefer low-intensity light and music, round tables, and being able to summon a server with a buzzer (de Faria et al., 2012) .
Shopping. Many studies reported shopping as difficult for visually impaired people (Baker, 2006; Bilyk et al., 2009; Gopinath, Liew, et al., 2014; Kostyra et al., 2017; Nakamura et al., 1999) . Being able to read labels (Yu, Tullio-Pow, & Akhtar, 2015) , being able to shop predictably, that is, buying food items from the same shelves, and staff assistance, were stated as requirements for an ideal shopping experience (Bilyk et al., 2009; Kostyra et al., 2017) . It was reported that visually impaired people purchased the same brands for years (Kostyra et al., 2017) . Food freshness and low meat fat content were conveyed to be very important factors in determining food choices (Kostyra et al., 2017) . The main source of obtaining food was from the local grocers, and one third of people were reported to shop online (Kostyra et al., 2017) . One study focused solely on shopping experiences of the visually impaired, and although the sample size was small, it was able to provide detailed qualitative analysis of the participant's needs (Baker, 2006) . It reported that in order for visually impaired people to achieve consumer normalcy, they need to be recognised as in control, as an individual, a presence, and someone who belongs to the marketplace.
Development of feeding.
Two studies researched the impact of visual impairment, on the feeding and eating development, of young children and infants (Gladstone et al., 2017; Smyth, Spicer, & Morgese, 2014) . They both came to the same conclusion that caretaker confidence can promote independence at mealtimes and can potentially minimise difficulties in establishing good eating habits (Gladstone et al., 2017; Smyth et al., 2014) .
Nutritional status screening and nutrition intake analysis. Nutritional screening is normally carried out using a nutritional screening tool (Donini, Savina, Rosano, & Cannella, 2007) . These tools are useful, as they are used to assess those who require further nutritional assessment. Nutritional screening using the MNA nutritional screening tool was conducted in one study (Muurinen et al., 2014) . It was found that visually impaired older females were more malnourished than those who were not. Another study grossly categorised the food groups visually impaired people were consuming into milk products, meats, and grains (Roebothan, 1999) . They reported reduced intake of milk products in visually impaired people. Another study reported that only 36.4% of visually impaired people consider nutritional value when making food choices (Kostyra et al., 2017) . It was found that obese and overweight visually impaired school children were consuming higher than recommended levels of fats and fewer carbohydrates (Montero, 2005) . Although many studies stated that poor dietary habits (Acil & Ayaz, 2015; Bilyk et al., 2009; Magdalena et al., 2016; Muurinen et al., 2014; Nakamura et al., 1999) were affecting nutritional status, not many carried out or provided a detailed analysis of actual nutrition intake or the calories that were consumed by visually impaired people. One study highlighted that male school children were consuming almost double the recommended intake of calories. Males were consuming 2604 kcal/day, and females 2159 kcal/day (Montero, 2005) . In this study, it was found that 88.2% of those with visual impairment had a very poor diet or a diet which needed improvement (Montero, 2005) . These findings highlight the importance of the need for nutritional screening in visually impaired people.
Discussion
The studies carried out convey that being visually impaired significantly impacts nutritional status. A high incidence of obesity has been reported in visually impaired people, particularly among children and males. Females were found to be more malnourished and consuming less than the recommended daily intake. In some studies and in those they were reported to be overweight or obese however, they were still consuming less than their male counterparts were. Despite being carried out in different countries, settings, and across different age ranges, the findings in these studies were repeatable. Visually impaired people find shopping, meal preparation, and restaurant use very difficult. It has been reported that many visually impaired people do not shop independently and prefer to purchase food online as it is convenient (Kulyukin, 2010; Terry & Childers, 2009) . Their experiences in the marketplace would be improved by receiving adequate support and if they are not treated as a burden. The studies reported that visually impaired people prefer predictability, for example, that they had 'learned shopping'. A trend of going to the same aisles for the same foods was safe. This was highlighted as a detriment in one study as the participants were unaware that healthier options existed, such as pre-prepared salad. If they knew these foods existed, they would make more informed food choices.
Concerning restaurant use, more than one study reported that visually impaired people felt like a burden. In describing their ideal restaurant experience, a repeatable finding was that they would like the menu to be read to them. They also stated that they would prefer a bell, round tables, and large print or braille menus.
The duration of preparing meals (>2 hr) and the difficulty of boiling and cutting foods were highlighted in the studies. Eating was found to be difficult, particularly in older adults with visual impairment. A purely objective study looking at central visual field loss (CFL) showed that mobility and dexterity were reduced. Participants with CFL demonstrated significantly longer overall movement times. They had shorter minimum viewing distance. For two of the three ADLs tasks set (eating and drinking), they needed more corrections in movement (Pardhan et al., 2015) . A study using the (MNA) tool found older adults with visual impairment to be more malnourished than those without (Muurinen et al., 2014) .
High rates of obesity were found in visually impaired children of school age; this was attributed to poor food choices and lack of exercise. An interesting finding was that visually impaired individuals did not perceive their disability as an obstacle. They believed that it was their lack of motivation and exercise that inhibited them from taking care of themselves (Bilyk et al., 2009) . One study stated that perhaps visually impaired individuals have a less negative attitude towards being overweight. It stated that they may have an innate desire towards a more robust stature (Roebothan, 1999) . Another study reported that as they could not see or get any satisfaction from their appearance, they were not concerned by it (Bilyk et al., 2009 ). An interesting finding was that just over a third of visually impaired people take an interest in the nutritional value of food before purchasing.
In studies that looked at younger children with visual impairment, it was reported that caretaker confidence can promote independence at mealtimes and can potentially minimise difficulties in establishing good eating habits (Smyth et al., 2014) . This can be done by providing parents with professional training. They reported that providing adaptations for an individual's visual needs, encouraging sensory experiences around food, and teaching developmental expectations in children are necessary (Smyth et al., 2014) .
From this review, it is evident that the impact of visual impairment on nutritional status is significant; it is necessary to investigate the effect of visual impairment on nutritional status in the UK population.
Limitations
The sample size of some studies was small (Baker, 2006; Bilyk et al., 2009; Gladstone et al., 2017; ; Nakamura et al., 1999; Pardhan et al., 2015; Roebothan, 1999; Smyth et al., 2014) . There was sample bias in two studies, in that the participants were selected from services they approached or because they used regularly (de Faria et al., 2012; Gladstone et al., 2017) . There was gender bias towards females, in the sample selection of some studies (Baker, 2006; Muurinen et al., 2014; Nakamura et al., 1999) . One study reported the use of a non-probabilistic sample (de Faria et al., 2012) . There was a narrow demographic range in some studies, that is, some ages (Bilyk et al., 2009) , and also some ethnicities were not represented due to geographic location (Smyth et al., 2014) . One study selected its participants from a single setting, a school; (Acil & Ayaz, 2015) . These findings indicate that the results of some studies cannot be generalised to the visually impaired population. Nearly all the studies were of a cross-sectional design. The studies did not have similar methods, and all classified visual impairment differently. There were a number of reasons for the cause of sight loss cited in the studies, from congenital blindness, acquired from ocular disease to ocular trauma. One study used gross methods to define visual impairment (Muurinen et al., 2014) . Some did not use a control group of normal sighted people, where if they had, it would provide more information and support a cause-effect finding (Bilyk et al., 2009; Kostyra et al., 2017; Roebothan, 1999) . In some studies reporting accuracy from participants (Roebothan, 1999) and the researchers interpretation of what the participants reported may have influenced the results (Bilyk et al., 2009) , and therefore, accurate conclusions may not be drawn.
Conclusion
The 14 studies evaluated in this review convey that visual impairment significantly affects nutritional status. Most studies reported that future studies should be carried out with a larger sample size. Some stated that it would be useful to see the temporal effects of visual impairment on the factors that they measured, that is, conducting longitudinal studies (Baker, 2006; Muurinen et al., 2014) . This review has highlighted the lack of nutritional screening for those with visual impairment both globally and in the United Kingdom.
Importantly, the studies carried out convey that there is a great need to develop interventions to support the nutritional status of visually impaired people. These interventions could take the form of skill development (Bilyk et al., 2009) , rehabilitation interventions for the elderly, to maintain independence (Gopinath, Liew, et al., 2014) or developmental training packages to support parents of those children with visual impairment (Gladstone et al., 2017) .
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